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ABSTRACT 



> 

jy-^ \ We present new photometric and spectroscopic observations of an unusual luminous blue 

. variable (LBV) in NGC 3432, covering three major outbursts in October 2008, April 2009 

and November 2009. Previously, this star experienced an outburst also in 2000 (known as SN 
2000ch). During outbursts the star reached an absolute magnitude between -12.1 and -12.8. Its 
spectrum showed H, He I and Fe II lines with P-Cygni profiles during and soon after the erup- 
tive phases, while only intermediate-width lines in pure emission (including He II A 4686) 
were visible during quiescence. The fast-evolving light curve soon after the outbursts, the 
quasi-modulated light curve, the peak magnitude and the overall spectral properties are con- 
k>( \ sistent with multiple episodes of variability of an extremely active LBV. However, the widths 

i of the spectral lines indicate unusually high wind velocities (1500-2800 km s"'), similar to 

' those observed in Wolf-Rayet stars. Although modulated light curves are typical of LBVs 

during the S-Dor variability phase, the luminous maxima and the high frequency of outbursts 
are unexpected in S-Dor variables. Such extreme variability may be associated with repeated 
ejection episodes during a giant eruption of an LBV. Alternatively, it may be indicative of a 
high level of instability shortly preceding the core-collapse or due to interaction with a mas- 
sive, binary companion. In this context, the variable in NGC 3432 shares some similarities 
with the famous stellar system HD 5980 in the Small Magellanic Cloud, which includes an 
erupting LBV and an early Wolf-Rayet star. 

Key words: stars: variables: other - supernovae: general - supernovae: individual: 2000ch - 
galaxies: individual: NGC 3432. 



o 
o 



1 INTRODUCTION 

Luminous Blue Variable (LBV) stars are debated subjects of 
* E-mail: a.pastorello@qub.ac.uk modem astrophysics, because they signify a key stage in the 
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fate of the most massive stars. Such stars may experience an 
unstable post-main-sequence LBV stage before becoming Wolf- 
Rayet (WR) stars. LBVs lose most of the hydrogen (H) enve- 
lop e rapidly (typically 10~^ Mp yr~', up to 10"'' Mq yr"', see 
e.g. lHumphrevs & Davidsorilll994) . forming massive circumstellar 
nebulae like the spectacular Homunculus surrounding Ty-Car. Later 
massive stars eventually e xplode as type Ib/c su pernovae (SNe) (see 
the case of SN 2001am, ISchinzel et ai]|2009h . However, there is 
increasing evidence th at even LBVs can directly explode produc- 
ing core-collap se SNe ( Kotak & Vink 2006; Gal- Yam et al. 2007|;^ 
Gal- Yam & Leonard 2009: Smith et al . 2007, 2008; Trundle et al 



2008LlAgnoletto et alj200^ . 



An attempt to characterize LBVs was done by 
iHumphrevs & DavidsonI ( 1994). However, LBVs do not form 
a homogeneous group of stars, since they span quite a large range 
of magnitudes and variability types. Some of them show an S-Dor 
variability type. During this phase, the star expands and contracts 
with some regularity over timescales of years, varying its apparent 
temperature (and, as a consequence, spectral type). Its bolometric 
lu minosity is genera l ly not thought to change significantly (but 
see lClark et"aLll2009l ; lGroh et al.ll2009t) and the upper limit to the 
luminosity/mass ratio for static stellar atmospheres (the so-called 
"Eddington limit") is not violated. With S-Dor, other classical 
examples of this variability type are AG Car in the Galaxy and 
R 127 in the Large Magellanic Cloud (LMC). As mentioned by 
Ivan GenderenI ( 1200 ll) , the S-Dor variability has typical periods of 
few years (short S-Dor phase) or decades (long S-Dor phase). 
Other LBVs occasionally experience giant eruptions, during which 
they increase their luminosity and can reach M a -14 (4-6 mag 
brighter than their typical quiescence magnitudes), temporarily 
exceeding the Eddington Limit. The most popular giant eruption 
of an LBV in our Galaxy is that of 77-Car during the 19th century. 

Spectra of LBVs' giant eruptions are characterized by in- 
cipient narrow (with full-width-at-half-maximum velocity, VfwHM, 
lower than 1000 km s"') H lines in emission, resembling 
those of type Iln SNe. For this reason and their relatively 
high peak luminosities, they are occasionally misclassified as 
real SN explosions. However, since the stars survive the 
erupt ions, they are labelled as SN impostors jvan Dvk et al.l 
\200(i) . Well-stu died cases are SN 1954J (a l so known as V12 
in NGC 2403, 'Tammann & Sandage' '1968"; 'Smith et alj 1200 ll ; 
Ivan Dvk e t al. 2005), SN 1997bs ( vanDyketal. 2000) and SN 
2002kg (Weis & B omansH2005l ; iMaund et al.l l2006l I200H . The 
first registered outburst of the variable star i n NGC 3432 discussed 
in this paper was des ignated as SN 2000ch jPapenkova & Lil2000l ; 
IWagneretal] 12004a'). Hereafter, this transient will be dubbed as 
NGC 3432 2000-OT. Contrary to genuine SNe Iln, SN impostors 
are less luminous and their spectra do not show clear evidence of 
broad lines (> 3000-4000 km s"') produced by SN ejecta. SN im- 
postors will hereafter be referred to without the misleading "SN" 
label. 

In this paper we will analyse the October 2008, April 2009 and 
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' Many other transie nts have been propos ed to be SN impostors, 
eluding SN 1999bw I Filippenko et al. 1999; Li et al."2002'), SN 2001 
iMatheson & Calkins 2001), SN 2003gm (Maund et al. 2006), SN 2006fp 
iBlondinetal. 2006), SN 2007sv (Harutvun van et ali 1200 7). SN 2009ip 
tSmith et al. 2010; Foley et al. 201.0J. In addition, the controversial SN 
1961V, whose nature (SN explosion or LBV outburst) is still de- 
bated jUtrobiJ 11984 . iFesenll 19851: iB ranch & CowarJ Il985l: ICowan et alj 
19881: [Goodrich et alJll989l:lF ilippenko et alJll995l:IStockdale et alj|200ll : 
van Dvk et alj2002l : IChu et alji2Q04i) deserves to be mentioned. 



Figure 1. SDSS colour image {http://cas.sdss.org/astrodr6/en/tools/chart/ \ 
of the interacting galaxy system Arp 206. The main galaxy is NGC 3432, 
while the dwarf companion UGC 5983 is located south-west of it. The field 
of view is about 11 ' X 1 1 ' . North is up. East is to the left. 



November 2009 outbursts of the same variable in NGC 3432 that 
w as responsible for NGC 3432 2000-OT (see the wide discussion 
in Wagner et al. 2004a). We attempt to reconstruct the variability 
history of this star and derive information on its nature. The paper 
is organized as follows: in Sect. 2 we introduce the variable in NGC 
3432 and describe its environment. In Sect. 3 and Sect. 4 photomet- 
ric and spectroscopic evolutions are presented, while in Sect. 5 we 
analyse the evolution of the spectral energy distribution (SED) of 
the variable. A discussion on the nature of the star follows in Sect. 
6. 



2 THE LUMINOUS VARIABLE IN NGC 3432 AND ITS 
ENVIRONMENT 



NGC 3432 is a well-studied irregular galaxy (see e.g. IHo et al.l 
interacting with a low-surface brightness dwarf companion 
(UGC 5983), which is located South- West of the main galaxy (Fig- 
ure [p . This interacting system is included in Arp ' s cata logue jArd 
1 196a) with the label Arp 206. lEnglish & IrwinI ( Il997 t) noted the 
presence of an extended arm of the galaxy in the North-East direc- 
tion, which ends with a luminous clump in which the variable star 
lies. The disturbed morphology of NGC 3432 and the presence of 
an extended North-East region detached from the main body of the 
galaxy likely result from the tidal interaction of NGC 3432 with 
UG C 5983 (se e also Swaters et al. 2002; van der Kruit 2007). 

iLee et al] ( l2009i) determined for NGC 3432 a star formation 
rate (SFR) of 0.49 Mq yr"' from UV data, and of 0.32 yr"' 
from Ha luminosity. Interaction between galaxies is well known to 
trigger star formation, and the relatively low SFR observed in NGC 
3432 may appear as an inconsistency. However, a starburst episode 
may occur with a significa nt delay (10^-10^ yrs) wi th respect to 
the major tidal distortions jMihos & Hernguisll [1994I) . According 
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to lEnglish & IrwiiJ ( Il997h Arp 206 is consistent with this scenario, 
and would currently be in a pre-starburst phase. 

Measuring the intensity of the [O II] AA 7320,7330 doublet 
and the intensity ratio of strong [O II] A 3727 and [O II I] AA 
4959,5007 lines in H II regions, Pilvugin & ThuanI ( l2007h esti- 
mated an average O abundance of 12 log (0/H) = 8.3 ±0.1 dex 
for NGC 3 432 which is compa rable to the metallicity of the LMC 
(-8.35 dex. lHunteret"Zll2007h . However, the metallicity in the re- 
gion of the variable star might be significantly different from this 
average value. 

The distance of the galaxy system is computed through the 
recessional velocity corrected for Local Group infall into Virgc[|. 
The Hyperleda databas^l gives vv/,> = 779 km s"', providing a dis- 
tance of 10.8 ±1.2 Mpc (distance mo dulus n = 30.17 ± 0.5 6 mag, 
ado pting Hp = 72 ± 8 km s~' Mpc iFreedman et al.ll200lh . 

ISchlegel et"ZI h998l) quote a Galactic reddening of E(B - V)= 
0.013 in the direction of NGC 3432, while the peripheral position of 
the objects in the host galaxy suggests a modest internal reddening. 
This is also indicated from the lack of narrow interstellar absorption 
lines in the spectra of the variable star (see Sect. |4j. Therefore, 
hereafter we will adopt a total reddening of E(B - V)= 0.013 mag, 
in agreement with lWagner et 



2000cll 



o 



^ j2004; 



The discovery of a variable star in NGC 3432 on 2000 May 
3 UT was reported by Papenkova & Li (2000) at the position a = 
10''52"'4P;40 and S = +36°40'08'.'5 (equinox J2000.0), which is 
123" East and 180" North of the nucleus of the host galaxy. The 
transient had an unfiltered peak magnitude of m = 17.4. A KAIT 
image was obtained 4 days prior to this on 2000 April 29 show- 
ing nothing brighter than m = 19 at the position of the variable 
dWagner et aLll2004bh . The low luminosity and the spectra domi- 
nated b y narrow Balmer lin es were consistent with a SN impos- 
tor (e.g. Ivan Dvk et al.|[2OO0l) . Wagner et al. presented optical plus 
near-infrared light curves of NGC 3432 2000-OT covering a period 
of ~3 months, and noted a somewhat erratic variability over very 
short timescales (of the order of weeks). Additional sparse archive 
observations led these authors to conclude that no major outburst 
was previously observed, and the likely quiescent magnitude of the 
LBV was around R = 19.4 ± 0.4 mag. They also registered a deep 
magnitude minimum (R ~ 20.8) soon after the luminosity peak, and 
interpreted it as the result of dust formation, occultation or eclipse 
phase. We will show in Sect.[3]that the star has been detected (oc- 
casionally) at a magnitude even fainter than « 21 in subsequent 
follow-up observations. 

Another transient was an nounced on 2008 October 7.12 UT 
by iDuszanowicz et alj j2008l) at a position a = I0''52'"4L33, 
S = -i-36°40'08'.'9 (equinox J2000.0), very close (but apparently 
not coincident) to that of the 2000 outburst (Figure |2l(. The new 
transient (labelled as NGC 3432 2008-OT in this paper) had an ap- 
parent peak magnitude (R = 17.5) similar to that of 2000-OT. Its 
faint absolute magnitude (Mr » -12.7) was again consistent with 
that of a SN impostor. 

In order to prove that the position of 2008-OT was coinci- 
dent with that of 2000-OT, relative astrometric calibration was per- 
formed using as template a good-quality image of the 2008 tran- 
sient and as target image the discovery frame of the 2000 tran- 
sient obtained with the 0.76-m KAIT telescope (Filippenko et al. 
2001). In order to align the two images, we identified 15 sources 





Figure 2. Comparison between an unfiltered KAIT image of NGC 3432 
20()0-OT (2000ch) obtained on May 4, 2000 and a R-band image of the 
2008 transient obtained at TNG on 25 October, 2008. The position of the 
two transients is coincident, within the errors. This allows us to conclude 
that the two outbursts were produced by the same stai'. 
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^ T he Local Group in fall velocity here adopted is vta-infall ■ 
S-' ferry et al.l2002h 
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Figure 3. Unfiltered images of NGC 3432 obtained with a 32-cm reflector 
in Akersberga (Sweden). The 4 images show the evolution of the variable 
star, whose position is marked with a circle, on 2006 November 15 (top- 
left), 2007 March 17 (top-right), 2008 February 25 (bottom-left) and 2008 
October 7 (bottom-right). The transient is cleai'ly visible in the March 2007 
and October 2008 images, while in the other two images it is below the 
detection limit. North is up, East is to the left. 



in common to both images and measured their centroid positions. 
This allowed us to derive a geometric transformation for the two 
images (implying a shift, a scaling to a common pixel scale and 
a rotation) using the IRAF package GEOMAP. To employ a gen- 
eral non-linear transformation, we selected a 2nd-order polynomial 
model that computes the geometric alignment function. The images 
were finally registered to the target image using GEOTRAN. The 
accuracy of the alignment is 0.145 px in the X-axis and 0.154 px 
in Y. Accounting for the pixel scale of the target image, the rms 
errors of the transformation in the two axes are 116 mas and 123 
mas. We measured the position of the transients in the two images 
with aperture photometry and found in the transformed images a 
discrepancy in the position of the two transients of Ax = 0.039 px 
(31 mas) and Ay = 0.013 px (10 mas), which are well below the un- 
certainty of the transformation. We are therefore confident that the 
two transients were two major outbursts of the same stellar source 
(Figure [2j. 

More precise coordinates than those previously reported for 
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Figure 4. Main pane l: 15-yrs multi-band optical light curve of the variable in NGC 3432. Blow-ups with the detailed light curves of 2000-OT (the data are from 
IWagner et alj2004ij) . 2008-OT, 2009-OTl and 2009-OT2 are shown in the panels on the right. Sloan u', r' and i' magnitudes were scaled to Johnson-Bessell 
U, R and I magnitudes applying a correction of AU = -0.81, AR = -0.18 and AI = -0.41 mag, computed comparing the photometry of the local sequence stars 
in the Sloan and Johnson-Bessell photometric systems. To guide the eye, R-band data points in the inserts are connected by a dotted line. 



the NGC 3432 variable, as determined from Sloan Digital Sky Sur- 
vey (SDSS) images, are o- = 10''52"4P:256 and 6 = -^36°40'08'.'95 
(equinox J2000.0). Unfiltered amateur images showing the region 
of the variable star at 4 epochs during the period 2006-2008 are 
shown in Figure [3] Finally, two further outbursts of the variable 
in NGC 3432 were registered in April 2009 (hereafter labelled as 
2009-OTl) and November 2009 (2009-OT2), during routine moni- 
toring observations of the star. 



3 PHOTOMETRY 

After the discovery bv lDuszanowicz et al. l ('2008'), we started a sys- 
tematic monitoring of the variable in the optical bands. At the same 
time, we collected a number of pre-discovery images of NGC 3432 
from amateur astronomers and professional telescopes available 



through science data archives. The calibration of the optical pho- 
tometry obtained with standard Johnson-Bessell filters has been 
performed us i ng the local standard star magnitudes presented in 
IWagner et al] ( l2004al) for the B, V and R bands, while the U and 
I band data have been calibrated independently. The calibration of 
the Sloan filter photometry was performed using the SDSS pho- 
tometry catalogu^ 

Johnson-Bessell and Sloan magnitudes (or magnitude lim- 
its) of the variable in NGC 3432 are reported in Appendix (Ta- 
bles lAl I and \A2). Th e light curves, including the photometry of 
IWagner et al.l ( l2004al) and spanning a period of almost 16 years, 



■* Sloan Digital Sky Survey web site: ' h ttp://www.sdss,org/\ The SDSS fil- 
ter definition can be foundjnjpukugita et alj jl996l) . whilethe photometric 
system is defined in lSmith et aU t200Z) 
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days from 2000-OT peak days from 2008-OT peak 



Figure 5. Comparison of the R-band light curves of the variable star in NGC 3432 covering the 4 major outbursts: 2000-OT iWagner et alj2004ij) : 2008-OT, 
2009-OTl, 2009-OT2 (this paper). SDSS r-band magnitudes were scaled to Johnson-Bessell ones by applying a zero-point shift of AR = -0.177 mag (see 
caption in Figure|4). The epochs of the main luminosity peaks for the 4 outbursts are marked with vertical blue dashed hnes. 



are shown in Figure |4] The right-hand panels show in detail the 
evolution of the variable during the 4 major outbursts: from top 
to bottom 2009-OT2, 2009-OTl, 2008-OT and 2000-OT. As al- 
ready mentioned, the outbursts showed comparable peak magni- 
tudes {R X 17.5-18.5 mag) and a number of subsequent luminosity 
fluctuations, although the post-peak evolution is somewhat differ- 
ent in the 4 cases. This is clearly visible when the R band abso- 
lute light curves of the 4 outbursts are plotted together (Figure [Sj. 
While 2000-OT showed a fast post-peak decline, with a deep min- 
imum reached after a few days, 2008-OT and 2009-OTl reached 
the minimum 2-3 months after maximum. We can summarize the 
photometric evolution of the 4 outbursts as follows: 

• 2000-OT. During this outburst, the star reached a peak mag- 
nitude of R = 17.4 (Mk ~ -12.8) on May 3rd, 2000. The maxi- 
mum was followed by a steep decline of 3.5 mag in about a week 
(but an observation obtained 2 days after maximum already showed 
the transient being 2.9 mag fainter than at peak). A sequence of 
secondary peaks was also observed (at magnitude around 18.6), 
with a temporal dista nce of about 12-15 days between each other 
jWagner et alj2004ai , and Figure]?] bottom-right panel). 

• 2008-OT. During this eruptive episode, the variable arrived 
at a maximum magnitude of R = 17.5 (Mg x -12.7, October 7th, 
2008), and experienced a rebrightening {R x 18) at ~18 days after 
the main maximum. The rebrightening was followed by a large lu- 
minosity drop (more than 3 mag). Although the light curve is poorly 
sampled in this period, the star probably remained fainter than R ~ 
20.5 (V ~ 21.5) for about 1 month. Then its luminosity increased 
again, reaching a peak of ^ ~ 18.6 at about 70 days after the main 
outburst. Finally the luminosity slowly declined and leveled off at 
R ~ 19.5 (see Figure|4] right, second panel from bottom). 



• 2009-OTl. Surprisingly, about 200 days after the previous 
outburst the variable brightened again. In this episode the peak 
magnitude (on April 22nd, 2009) was around R ~ 17.9 (M« ~ 
-12.3). The primary peak was followed by a number of magni- 
tude oscillations that occurred on shorter time-scales than those 
observed in 2008-OT. They were followed by a dramatic drop of 
AR > 3.3 mag from the peak to the minimum (Figure[5). 

• 2009-OT2. A further rebrightening of the variable in NGC 
3432 was finally registered in November 2009, again ~200-210 
days after the previous episode. This might be either a coincidence 
in the luminosity fluctuations or, alternatively, might suggest some 
periodicity in the major episodes of stellar variability. The conse- 
quences of this latter scenario will be discussed in Sect. [6] Inter- 
estingly, the first maximum of 2009-OT2 reached — 1 1.7, but 
was followed after 8 days by a second peak that was even slightly 
brighter (M^. — 12.1, see Figure |5). After the second peak, the 
luminosity of the star dropped down by more than 2 mag in ~1 
month. 

The comprehensive light curve (period 1994-2009, see Fig- 
ure [4] main panel) shows a rather erratic evolution. Luminosity 
peaks occur on unusually short timescales and the range of spanned 
magnitudes (Am ~ 4 mag, Figure [Sj are atypical for an S-Dor-like 
event. Together with the main peaks we also note a few sparse de- 
tections at magnitudes 18.5-19.5, and some minima (e.g. at JDs 
2449475 and 2453081). Such optical deficits can be p ossibly due to 
post o utburst dust formation episodes (as proposed bv lWagner et al.l 
'2004a). The implications of this unusual photometric evolution in 
constraining the nature of the variable star will be discussed in Sect. 
5. 

In Figure [6] we compare the R band absolute light curve of 
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Figure 6. Comparison of the R-band absolute light curve of the variable star 
in NGC 3432 (period October 200 8 - June 2009) with those o f some well- 
studie d transient events: 1997bs nvan Dvk et alj2000l) . 2009ip iSmith et all 
20101). the 2004 outbu rst prece ding SN 2006ic (UG C 4904 OT 2004-1, 
Pastorello et"ai]l2007 j) . 2008S <Botticella et"ani2009h and M85 OT 2006- 
1 iKulkami et alj |2007l). SDSS r-band magnitudes of the variable in NGC 
3432 were rescaled to Johnson-Bessell magnitudes by applying a zero-point 
shift of AR = -0.177 mag (see caption in Figure|4). 



the variable in NGC 3432 during the period from O ctober 2008 to 
June 2009 with those of the SN impostors 1997bs | van Dvk et al.l 
L2OOO) and 2009ip ( Smith etal. 2010), the 2004 luminous erup- 
tion in UGC 4904 that heralded SN 2006jc (hereafter UGC 4904 
OT 2004-1, IPastorelloetaD l2007al) and two additional under- 
luminous transients whose nature (core-collapse SN, LBV out- 
burst, peculiar luminous nova) is still debated: M85 OT 2006-1 
and 2008S (Kulkar ni et al. 2007; Rau et al. 2007; Pastorello et al. 
2007bl;IOfek et al J2O O8 ; Prieto et al. 2008a; Thompson et al. 2009; 



Wanajo et al.ll2009l ; iBotticella et al.i,2009i ; iSmith et alj|2009i) . The 
peak magnitudes of the NGC 3432 variable (in the range -12.1 to 
-12.8) are much fainter than those of 1997bs (Mr ^ -15.3) and 
2009ip (Mr w -14.6), marginally fainter than those of 2008S and 
UGC 4904 OT 2004-1 (Mr ^ -13.7). However, they are comparable 
with the maximum magnitude of M85 OT 2006- 1 jKulkami et al.l 
1 20071) , although the two transients have different photometric evo- 
lution. M85 OT 2006-1, indeed, presents a slowly evolving light 
curve with a sort of plateau, while the variable in NGC 3432 has a 
fast evolution, characterized by steep post-peak luminosity declines 
and subsequent rebrightenings similar to those observed in 2009ip 
Jsinith e t al. 2010) and other SN impostors (Maund et al. 2006). 

In Figure |7] long-term light curves of the NGC 3432 vari- 
able and a few well monitored LBVs and SN imposters are 



shown: r ] Cafl S-Dor and HP 598(fl 1997bs Jvan Dyk et alj200oh . 
2002kg jWeis&Bomandl200^ ; lMaundeta r. 2006, 2008), 2009ip 
dSmith et al.l201(]|) , UGC 4904 OT 2004-1 IPastorello et aL,2007al) . 
Remarkably, even though some modulation in the light curve of 
the variable star in NGC 3432 may suggest an S-Dor-type variabil- 
ity, its overall characteristics are reminiscent of those of major out- 
bursts. Some similarity can be found, indeed, with the years-long 
outburst of T] Car during the 19th century, and -more marginally- 
with the eruption in 1993-1994 of the stellar system HD 5980 (see 
lKoenigsbergeil2004l and references therein). We will better address 
the latter similarity in forthcoming sections. 



4 SPECTROSCOPY 

Spectra of the luminous variable in NGC 3432 were obtained 
after the October 2008 outburst using the 4.2-m William Her- 
schel Telescope (WHT) equipped with ISIS, the 3.58-m Telesco- 
pic Nazionale Galileo (TNG) with LRS, the 2.56-m Nordic Optical 
Telescope (NOT) with ALFOSC and the 2.2-m Telescope of the 
Calar Alto Observatory plus CAPOS. Information on the spectra 
obtained during the period from October 2008 to November 2009 
is reported in Table[T] The best signal-to-noise (S/N) spectra of the 
star witnessing the evolution of the 2008-OT and 2009-OTl out- 
bursts, but also the subsequent quiescent phases, are shown in Fig- 
ure[8]together with sp ectra obtained in 2000/2001 (2000-OT) from 
IWagneretall ( l2004al) . The spectra of the variable obtained soon 
after 2008-OT are characterized by prominent H lines in emission 
(see line identifications in Figure|9]l- He I lines are also clearly vis- 
ible with VfwHM ~ 2000 km s"', which is only slightly lower than 
that of Ho- (vf]ivhm ~ 2300 km s"' ). The spectra of the 2008 episode 
display sig nificant differences co mpared with those of 2000-OT de- 
scribed in ^ Wagner et alj ( l2004al and shown atop of Figure [8j. In 
the 2000 event the He I lines were weaker and the FWHM ve- 
locities measured for Hor were slightly lower, being in the range 
1600-1800 km s"'. Such differences in line velocities may suggest 
a more powerful outburst (but we cannot confirm it on the basis of 
our photometric data) or less envelope mass ejection in the 2008 
outburst. However, the integrated flux of Ha obtained averaging 
the flux measured from the three available spectra of October 2008 
is about 4 x 10"'"* erg cm~^ s~', which is a factor of two more 
than the flux reported bv I Wagner et al.l ( l2004ij) for the 2000 event, 
iinplying that the 2008 event had an Ho- luminosity twice that of 
the 2000 event. Adopting the same relation between the Ho- lumi- 
nosity and the radius (R) of the emitting region and the same as- 
sumptions as Wagner et al., we obtain R(Ha) = 0.25 pc (from the 
Hfy luminosity computed from the 2000 May 14 spectrum, R(Ha) 
= 0.2 pc was determined by iWagner et alj|2004ij) . Remarkably, 
the peak of the Ho' line is asymmetric and slightly blue-shifted. 
This phenomenon is visible also in the late-time spectra of some 
core-collapse SNe and is expected when newly-formed dust extin- 
guishes t he light coming from th e receding hemisphere (see e.g. SN 
1999em. lEimhamdi et all2003h . 

High S/N spectra were then obtained on December 21-22, 



' Historical observati ons o f rj Car 's Great Eruption in the 1840s were 
kindly provided by F rewl i2004l) . while the collection of the nor- 
malized V band photometric studies of the Car's variability af- 
ter 1952 are from S. Otero (private communication). Extensive light 
curves of rj Car can be found at the following URL address: 



http:/fvarsao. com.ar/Curva- Eta- Cannae, htm 




Data from AAVSO International Database: 


htp://www. aavso. org \ 



© 0000 RAS, MNRAS 000, 000-000 



Recurrent Outbursts in an Unusual LBV in NGC 3432 7 




J I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I L 



-6000 -5000 -4000 -3000 -2000 -1000 1000 2000 

days from maximum 



Figure 7. Long-term photometric monitoring of a few famous LBV outbursts - SN impostors: 1997bs, 2000kg/V37, 2009ip, 2000/2008/2009-OTs in NGC 3432 
and UGC 4904 OT 2004-1 (references in the text). The Sloan r-band magnitudes of the variable in NGC 3432 were rescaled to Johnson-Bessell magnitudes 
adopting the prescriptions mentioned in the caption of Figure[5] A boxcar filter of size = 5 days was applied to the light curve of S-Dor (AAVSO database). 
The modulated variability of S-Dor, and the light curve of the LBV/WR system HD 5980 in the SMC (including photometry of the eruption in 1993-1994, 
mag enta crosse s, AAVSO database) are also shown. Visual magnitudes of Car during the Great Outburst of the 1 840s are visualized with green circles 
(see lFrewll2004 and references therein), while V band magnitudes of Car from 1987 to the present days (S. Otero, private communication) are shown wit h 
green-olive dots. The light curve of the Great Eruption of Car has been corrected for a total extinction of Ay = 1.7 mag (e.g. [Davidson & Humphrevsll997h . 
while for the light curve in more recent decades we accounted for circumstellar dust, and therefore adopted a significantly higher extinction (Av = 6.1 ± 0.6 
mag, according to lPavidson et aljl995h . 



Table 1. Basic information on new spectra of the luminous variable in NGC 3432. 



Date 


JD 


Instrument 


Grism/grating 


Exposure time (s) 


Range (A) 


Resolution (A) 


2008Octl4 


2454753.75 


WHT+ISIS 


R300B,R158R 


2x2400 


3250-5410,5140-10150 


5.4,6.3 


2008Octl7 


2454756.71 


CAHA2.2m+CAFOS 


b200 


2727.3 


3400-8770 


10.5 


2008Octl7 


2454756.74 


TNG+LRS 


LRB 


2700 


3700-7990 


15 


2008Dec21 


2454821.75 


NOT+ALFOSC 


gm4 


3600 


3300-9050 


18 


2008Dec22 


2454822.63 


TNG+LRS 


LRR 


3600 


5050-9800 


13 


2009Jan22 


2454853.64 


TNG+LRS 


LRB 


3600 


3560-7920 


12 


2009Feb22 


2454884.56 


NOT+ALFOSC 


gm4 


2x2700 


3400-8100 


18 


2009Mar22 


2454912.52 


TNG+LRS 


LRB 


2x2700 


3370-7930 


15 


2009Apr24 


2454945.60 


TNG+LRS 


LRB 


3600 


3260-7940 


11 


2009Mayl2 


2454964.49 


TNG+LRS 


LRB 


2700 


3280-7940 


11 


2009Mayl9 


2454971.41 


TNG+LRS 


LRB 


2700 


3400-7930 


11 


2009Nov27 


2455162.67 


CAHA2.2m+CAFOS 


b200 


2700 


3500-8730 


12 
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Figure 8. Optical spectra of the vaiiable in NGC 3432 from lWagneretalJ j2004j) (relative to the 2000 eruptive episode) and new specti'a of the 2008/2009 
outbursts Only the best S/N spectra are shown. The second order contamination from the NOT spectra has been removed following the prescriptions of 
IStanishevl j200'^. The noisy spectrum obtained on 22 February, 2009, was slightly smoothed. The apparent narrow P-Cygni feature visible at the position 
of He I /i5876 in the 2009 January 22 spectrum is in reality a spike due to a poorly removed hot pixel. Some spectra have been cut at the blue wavelengths 
because of the modest S/N. 



2008, showing a remarkable evolution. The continuum is very blue, 
and prominent P-Cygni profiles are now visible. It is worth not- 
ing that P-Cygni profiles were marginally detected (especially in 
Hjg) al so in the 2000-OT spectrum of May 6, 2000 jWagner et all 
l2004ah . Together with H and He I, Fe II lines of the multiplet 42 
and Ca II H&kI] are clearly detected (see Figures [l]and|9l(. Now 
Ha does not show a P-Cygni profile and its Vf ivhm is about 2000 
km s"', consistent with the velocity deduced from the position of 



^ The identification of Ca 11 is unequivocal, being the line at A 3934A un- 
blended in the Nordic Optical Telescope spectrum of December 21st, 2008. 



the minimum of H/J. Other Balmer lines show significantly lower 
P-Cygni velocities (about 1600 km s"'), very close to those of He 
I lines (-1500-1550 km s"'). Finally unblended Ca II A 3934 and 
Fe II /l 5169 P-Cygni lines have absorption components which are 
blue-shifted by about 1250 km s"'. Comprehensive line identifica- 
tion is shown in Figure|9] 

A further spectrum of the variable was obtained on January 22, 
2009. Within one month, the spectrum of the variable has evolved 
significantly. P-Cygni profiles are no longer visible. He I and Fe II 
lines are marginally detected, while a prominent He II A 4686 line 
is now visible in emission (see insert in Figure |9). The same line 
was visible also in the second spectrum of 2000-OT (May 3 1 , 2000) 
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Figure 9. Line identification in the spectra obtained on December 21, 2008, 
and January 22, 2009. The apparent narrow P-Cygni feature visible at the 
position of He I A5S76 in the 2009 January 22 spectrum is in reality a spike 
due to a poorly removed hot pixel. The insert shows in detail the complex 
structure of the He II /i4686 line in the January 22 spectrum. 



presented bv'Wagne r et al. I( l2004ah and, marginally, also in the Jan- 
uary 19, 2001, spectrum. The presence of this line would indicate 
high temperatures of the emitting material. He II lines in emission 
are common features in He-rich, hot Wolf-Rayet stars and early 
O-type supergiants, and ar e only rarely detected in LBVs during 
quiescence (e.g. in AG Car. lStahil|l98 (^. Finally, two spectra were 
collected on 2009 February 22 and March 22, and the object did 
not show any further evolution. We noted only a weakening of the 
He II line. The line widths are very similar to those measured in the 
January spectrum, viz. VfwHM ~ 2750 km s"'. 

The spectra obtained during the 2009-OTl event (April-May 
2009, see Figure [TOt show prominent P-Cygni lines of H, He I and 
Fe II, and share striking similarities with the December 2008 spec- 
tra, although the continuum is now significantly bluer. This is prob- 
ably due to the fact that these spectra were obtained closer to the 
epoch of the outburst onset. From May 12th to May 19th the contin- 
uum temperature decreases significantly and the spectral lines show 
more prominent P-Cygni absorption components. The H and He I 
lines in the first spectrum of FigurellOK April 24, 2009) show two- 
component absorption profiles. We identify a lower- velocity trough 
(labelled with a in Figure [Tol) which is blue-shifted by about « 
3000 km s"', and another absorption component (labelled b) with a 
core velocity v;, of about 5300 km s"'. The broad wings of the ab- 
sorption feature extend up to a velocity of v^jg^ r; 9000 km s"' . As 
Hj8 is not saturated, Vgjgf is not a perfec t indicator for the terminal 
wind velocity (v„). IPrinia et^ jl99(t) found that I'^^g^ overesti- 
mates Voo by 20-25% (i'„ « 0.8 v^jge), and we can therefore more 
accurately estimate the terminal velocity of Kfi as 7200 km s ' . 

This peculiar line p rofile is remarkably similar to those ob- 
served bv lTrundle et all ([2008) in SN 2005gj. The similarity of 
this absorption line splitting in the SN sp ectra with those of w ell 
known LBVs jStahl et alj[200ll.l2003h led lTrundle stsl\ ( |2008|) to 



Figure 10. Spectroscopic evolution of the April-May 2009 outburst (2009- 
OT). A zoom-in of the HyS region of the April 24 spectrum is shown in the 
insert. Individual features mentioned in the main text are labelled. 



conclude that the progenitor of SN 2005gj was likely an LBV that 
experienced a mass-loss episode a few decades before the SN ex- 
plosion. In the spectrum of 2009-OTl we measure velocities which 
are more than one ord er of magnitude higher that those reported 
bv lTrundle etZI JioOS,). very different to those of ordinary LBV 
winds. The higher velocity trough (b) is only marginally detectable 
in the subsequent spectrum of 2009-OTl (May 12, 2009), while the 
lower velocity one is still visible and has a 2000-2200 km s"'. 
The whole absorption feature extends to blue wavelengths corre- 
sponding to v.dge ~ 6000-7000 km s"' (v„ ^ 4800-5600 km s"'). 
The last spectrum of the variable in Figure [TO] (May 19, 2009) 
shows P-Cygni lines with a single absorption component, though 
with a slightly asymmetric profile. The minimum of the absorption 
indicates ~ 2000 km s"', but with the blue wing extending to 
Vedge ~ 3000-3500 km s"' (v„ ^ 2400-2800 km s"'). 

The last spectrum of the variable in NGC 3432 (see Table [TJ 
was obtained at the time of the 2009-OT2 outburst (November 26, 
2009), but it is not shown in Figure [8] because of its poor S/N. It 
showed a blue continuum and narrow H lines, with Vf^iy//M of about 
1300-1400 km s"', still consistent with the lower line velocities 
disp layed by this variable du ring all earlier outbursts. 

IVink&deKoted l l2003) suggested that oscillations in the wind 
velocity (and mass-loss rate) similar to those we observe in the 
spectra of the variable in NGC 3432 can be associated with changes 
in the efficiency of line driving, as a result of variations in the Fe 
ionization of t he wind (bi-stability in the wind vel ocity in early- 
type stM^^_seejLamers_etal. I ll995l : IVink et alj[l999h . We note that 
also lKoenigsberger et alj l l2006l) invoke the bi-stability mechanism 
to explain the changes in wind velocity of HD 5980 (see Sect.|6]l. 
Despite the high degree of variability, the wind velocities of the 
variable in NGC 3432 remain remarkably high both during out- 
bursts and in quiescence, making an ordinary LBV scenario for this 
object rather problematic. 
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Figure 11. Comparison of spectra of the variable in NGC 3432 witli those of different families of objects. A. Comparison of a spectrum of t he variable in 
quiesc ence (January 22, 2009) with those of a few Wolf-Rayet (WN) stars and an Oe-type star: WR 1 10 (WNE with strong lines; WN6-S, see Ham ann et alj 
1 1995a) . WR 2 (WNE with weak emission lines; WN2-w), WR 108 (WNL; WN9), WR 158 (WNL, WN7), and the 05-type Nll-020. The positions of the 
most important H lines are marked with red dashed lines, those of He I features are indicated with magenta dotted lines and those of He II with bright green 
dot-dashed lines. Note that WR 2 and WR 1 10 do n ot show clear signature of H lines, and the feat ures at the position s of Ha and HyS are mostly due to He II. 
All spectra of WN stars shown in the figure are from lHamann et al.Hl995"bl) . that of NI 1-020 from lEvans eTaU j2006l) . The naiTow spike at the position of He 
I 5876A in the spectrum of 2008-OT is due to a poorly-removed hot pixel. B. Comparison of two spectra of the variable in NGC 34 32 with those of othe r 
well-known SN impos tors: 2009ip (ESO -NTT spectrum obstained on October 22, 2009; Padova-Asiago Supemnova Archive), 1997bs Ivan Dvk et alj|2000l) , 
2003gm and 2002kg i Maund et al.''2006). All these transients are thought to be luminous eruptions of LBVs. C. Comparison of the spectrum of the variable 
in NGC 3432 after the 2008 o utburst (Octobe r 2008, 14) with those of a sample of enigmatic transients whose nature is still debated (see text). The spectrum 
of (SN) 2008S is from Bottic ella et al.l i2009l) . that of the optical transient in NGC 300 is from Pastorello et al. (in preparation), and that of M85 OT 2006- 1 is 
from Kiilkarni et al. ( 2007). D. Comparison of the 14th October spectrum of the variable in NGC 3432 with those of luminous, interacting core-collapse SNe: 
the type Iln SNe 1995G, 1995N and 1988Z (from lPastorello et alj2061l2005l ; lTu"ratto et all 19931 respectively). 



4.1 Comparison with Luminous Stars and Stellar Outbursts 

During the LBV phase, massive stars vary their apparent temper- 
atures and, as a consequence, spectral types. The high degree of 
variability of LBVs is generally evident in their spectra. During the 
quiescent phase LBVs tend to have blue spectra often similar to 



those of B supergiants. However, a number of LBVs such as AG 
Car and HD 269582 (Stahl 1986) show Opfe/WN9 spectra during 
quiescence. In this phase, these objects have also strong He 11 in 
emission, that disappears during outburst when the spectra display 
prominent P-Cygni profiles. Nevertheless, the remarkably high ve- 



© 0000 RAS, MNRAS 000, 000-000 



Recurrent Outbursts in an Unusual LBV in NGC 3432 



11 



locities measured in the spectra of the variable in NGC 3432 both 
during outburst and in quiescence are unusual. 

In order to better constrain the nature of this variable, we com- 
pare its spectra with those of well-known classes of luminous stars 
or other types of transients. In Figure [TT] (panel A) a spectrum of 
the variable star during the quiescence after 2008-OT is shown 
along with those of a number of Wolf-Rayet (of WN type) stars. 
While early WN (WNE) stars show relatively broad emission lines 
with a FWHM which is quite consistent with that observed in the 
spectrum of the variable in NGC 3432, their spectra are character- 
ized by prominent He II emission lines, which dominate over the 
H features. (Unblended He 11 line at 4686A is visible only in the 
2009 January 22 spectrum, when the star was quiescent, and its 
intensity was much lower than that observed in spectra of WNE 
stars). Late WN (WNL) stars have instead more intense H lines, 
but very narrow. In addition, lines such as N III, N IV, C III, C 
rV which are pro minent in WN stars, are not visible in the spe ctra 
of the variable (see lHamann et al.ll995al ; ICrowther et al.ll9953lbll3: 
[Notaetal. 199^ for a detailed information on the sub-classification 
of WN stars). The spectrum of the variable in NGC 3432 shares 
some similarity with those of other luminous hot stellar types, such 
as Be, Oe stars and 0-type supergiants. Although Be stars show 
conspicuous Hor lines in emission, sometimes the line profiles are 
double-peaked, suggesting the presence of a disk|^ 

Finally, Oe and 0-supergiant stars still show prominent H 
lines, and He II features are weak (usually weaker tha n He I lines). 
This i s the case of NI 1-020, classified as 05 I(n)fp bv lEvans et al.l 
12006", see Figure[TT] bottom of panel A), whose spectral lines are 
relatively broad, but still too narrow in comparison with those of the 
variable. In addition, lines of other ions visible in all stellar types 
described above (N II, N III, C III, C IV, Si IV) are not visible in 
the spectra collected so far for the luminous star in NGC 3432. 

In Figure [TT] (panel B) two spectra of the variable in NGC 
3432 are compared with those of the SN impostors 1997bs 
jvan Dvk et al J2000|), 2009ip (Padova-Asi ago Supernova Arc hive), 
2003gm jMaund et al.ll2006h and 2002kg jMaund et al]|2006l) . It is 
worth noting that the spectral lines of the NGC 3432 variable are 
broader than those of the other SN impostors. Ho' is indeed domi- 
nated by an intermediate-width component (vfv/HM ~ 2300 km s"') 
and weak, marginally detectable broader wings. 

The other SN impostors shown in Figure [TT1 have FWHM ve- 
locities of Ho- that typically are < 1000 k m s~', similar to that 
meas ured for 2001ac {vfwhm ~ 900 km s '. lMatheson & Calkinj 
l200lh . Only 2009ip competes with the variable in NGC 3432 in 
line w idths (see also the discussion in lSmith et al.l201ol : lFolev et al.l 
l20ld !). although its spectrum does not show He II /i4686. The spec- 
trum of 1997bs presented by vanDvketal. (2000) and shown in 
Figure [TT] (panel B) has a two-component emission profile, with 
a narrow component {vpwhm ~ 500 km s"') atop a broader one, 
with Vpyf/HM ~ 1500 km s"'. In this context, the spectral lines of 
the major outbursts of the variable in NGC 3432 are broader by 
a factor of 1.5-3, with FWHM velocities which are close to those 
observed in the intermediate components of some interacting SNe 
(see Figure [TT] panel D). Nevertheless, the most important spectral 
features observed in the variable in NGC 3432 (due to H, He I and 
Fe II transitions) ar e commonly obse rved also in the spectra of SN 
impostors (see e.g. iMaund et al.ll2006) . The only exception is the 



^ Note, however, that only linear spectropola rimetry can unveil the real ge- 
ometry of a stellar system. Ivink et al] j2009l) . indeed, recently questioned 
the disk-hypothesis for Oe stars due to the lack of polarimetric proofs. 



He II A 4686 line visible in the quiescent spectrum of the variable, 
which is rarely observed in spectra of erupting LB Vs. 

We compare in Figure [TT] (panel C) the 2008 October 14 
spectrum of the NGC 3432 variable with those of a sample of 
eni gmatic trans ients whose overall similarity was first discussed 
by IPrieto et alj (i2 00 8b) and iThompson etaU ^2009) . The nature 
of this group of transients, which includes SN 2 008S jPrieto et"ail 
| 2008a| ; iBotticella et alj |2009l: ISmith et Z||2008|) . NGC 300 2008- 
OT ( Bondet al. 20091; iBerger et alj|2009l) and M85 OT 2006-1 
(Kulkarni et al. 2007), is still debated. Ac cordin g to ISmith et^ 
t2008.). ,Bondetal . (2009) and Berger et all ( l2009l) these transients 
are likely SN impostors caused by the luminous eruptions of mas- 
sive (10-20 Mo) stars. While the progenitors of SN 2008S and NGC 
300-OT were identified as dust-enshrouded ma ssive stars in archive 
Spitzer images (of about lOMp, according t o jPrieto et al] l2008al : 
[Thompson etZI l2009l : IBotticella et al] l2009t) , the star producing 
M85 OT 2006-1 was never detected, and the outburst was ass o- 
ciated to t he merging of low-mass stars by Kulkarni et al. 
iRau et alj (f2007) and Ofeketal. (2008). Pastorello et al. (2007 
questioned both the mass limit derived for the progenitor of M85 
OT 2006-1 and the nature of the outburst itself, proposing that 
it was the underlumin ous core collapse of a ~8Mo star. Finally, 
'Botticella et all ( |2009|) discussed the possibility that SN 2008S and 
probably also the other transients of this g roup were electron- 
capt ure SNe from super-AGB stars (see also IWanaio et al]|2009l : 
iPumo et alj|2009b . H, He I and Fe II lines are detected both in the 
spectra of the luminous star in NGC 3432 and in objects of the fam- 
ily. However, the latter objects show a prominent [Ca II] feature at 
about 7300A (not visible in our spectra of the NGC 3432 variable), 
narrower spectral lines and a much slower photometric evolution. 

Our first spectrum after the October 2008 outburst is fi- 
nally compared in Figure [TT] (panel D) with those of three type 
Iln SNe (I995G, 1 995N, 1988Z; see IPastorello et al.ll200l [20051: 
lTurattoetal]|l993[) . The spectra of SNe I995G and 1995N were 
obtained more than one year after their explosions, while that of 
SN 1988Z is probably earlier. The FWHM of the lines in the 
spectrum of the variable in NGC 3432 is similar to that of the 
inter mediate-velocity line components of the three type Iln SNe 
(see Fransson et 1a\ I2OO2I; [Pastorello et alj [ 2002! ; IZampieri et alj 
120051 : iTuratto et alJl993l : lAretxaga et alj|l999h . In interacting SNe 
these line components are thought to originate from the shocked 
CSM. 

All these comparisons indicate that the spectra alone do not 
allow us to discriminate between the different types of explosions. 
Additional information provided by the photometry (specifically 
the low peak luminosity, the fast luminosity evolution of the out- 
burst, the variability history of the star) makes us confident in iden- 
tifying the 2000/2008/2009 transients in NGC 3432 as the most 
recent episodes of a long series of major mass-loss events in this 
exceptional, restless variable. 



4.2 Evolution of the Line Profiles 

A view of the spectral sequence in Figure[8]suggests that two types 
of spectra were observed during follow-up observations of the vari- 
able in NGC 3432 (October 2008 to June 2009). 

(i) A few spectra (marked with 1, 8, 9, 13, 14, 15 in Figure [T2I1 
show a blue continuum with prominent P-Cygni lines of H, He 
I and (although weak) Fe II. On average, the FWHM velocity of 
the emission features is around 1600-2200 km s"'. In these spectra 
there is no clear evidence for the presence of He II lines. The reason 
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Figure 12. The profiles of Hy, Hfi and Ha in tiie spectra of tiie luminous variable in NGC 3432 between 2000 and 2009 (left panel). The numbers in the panel 
of Hff allow us to date the spectra in the light curves of the three outbursts shown in the panels on the right: 2000-OT (top), 2008-OT (middle), 2009-OTl 
(bottom). The vertical green dashed lines mai'k the epochs at which spectra are available: May 6th, 2000 (1); May 31st, 2000 (2); June 5th, 2000 (3); June 
27th, 2000 (4); January 19th, 2001 (5); October 14th, 2008 (6); Oct 17th, 2008 (7); December 21st, 2008 (8); December 22nd, 2008 (9); January 22nd, 2009 
(10); February 22nd, 2009 (11); March 22nd, 2009 (12); April 24th, 2009 (13); May 12th, 2009 (14); May 19th, 2009 (15). Some spectra have been cut at the 
blue wavelengths because of the poor S/N. The epoch of the January 19, 2001 spectrum (labelled with number 5, Wagner et al. 2004a) is not marked on the 
right-hand panels because the spectrum was obtained several months after 2000-OT. The low S/N spectrum of June 5, 2000 jWagner et alj2004a ) was slightly 
smoothed. 



why the spectral energy distribution (SED) peaks at the blue wave- 
lengths during outbursts will be addressed more in detail in Section 

121 



velocities are sig nificantly higher (2400-2800 km s-')|l In these 
spectra, the He II /14686 feature is unequivocally detected. 



(ii) Other spectra (e.g. 2, 3, 4, 10, 11, 12) show a much redder 
continuum and lines of H and He I in pure emission. The FWHM 



' In the spectra of the variable obtained during the period 2000-2001, the 
FWHM velocities were slightly lower, between 1600 and 2100 km s"' in 
the post-outburst phases. 
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In order to understand the reasons of the rapid variabiUty of 
the spectra, we have visualized in Figure [12] the evolution of the 
profile of the most important H lines, and correlated the spectra 
with the phases of the three outbursts. In particular, for each spec- 
trum in Figure [T2] (left panels) we have assigned an identification 
number. The phases of the light curves reported in the right panels 
of Figure[T2]are relative to the epoch of the outburst peaks. We have 
marked the epochs of the individual spectra with vertical dashed 
lines. We note that the low S/N spectrum marked with 1 (May 6, 
2000), which shows evidence of H/3 with P-Cygni profile, was cap- 
tured when the object was in the deep, post-maximum decline (R 
> 20.5) but still very close in time (~3 days) to the epoch of the 
outburst. Other spectra obtained soon after the outburst episodes 
show an excess at blue wavelengths and clear P-Cygni profiles. On 
the other hand, spectra with pure emission lines, including He II 
4868A, were mostly obtained in periods of relative quiescence (R 
between 19 and 20). In addition, counter intuitively, we found that 
vfwhm of the line components in emission is lower immediately 
after outbursts than when the star is quiescent. 

In other words, close to the outburst epochs, the spectra of the 
variable in NGC 3432 are reminiscent to those of regular erupt- 
ing LBVs, while in quiescence the spectrum acquires some resem- 
blance with those of young WRs. As mentioned above, although 
spectra of some LBV s may show He II lines during quiescence (e.g. 
AG Car. lStahll 19861) , the velocity of the material ejected by the vari- 
able in NGC 3432 (as deduced from spectroscopy) is too high for a 
single LBV eruptor. As an alternative, supported by marginal evi- 
dence of modulation in the light curve, one may propose a multiple- 
system scenario. During outburst the total flux is dominated by the 
LBV eruptor, while in quiescence we start to see a WR companion. 
This scenario, simi lar to th at proposed for the famous stellar system 
HD 5980 (see e.g. lKoeriTg sberger 2004. and references therein), is 
widely discussed in Section|6] 



5 SPECTRAL ENERGY DISTRIBUTION 

The evolution of the SED for the variable in NGC 3432 is shown in 
Figure[T3] The four panels show the SED at 3 epochs representative 
of crucial phases in the evolution of each major outburst: 2000- 
OT (top-left panel), 2008-OT (top-right), 2009-OTl (bottom-left) 
and 2009-OT2 (bottom-right). We account only for epochs in which 
multi-band observations of the source are available and, typically, 
close to a light curve maximum, a minimum and in quiescence. 

As mentioned in Section [3] the light curve peak and the sub- 
sequent minimum after 2000-OT are extremely sharp, and multi- 
band o bservations are available only from day +11 ( Wa gner et al.l 
l2004ah , when the transient is in the post-minimum rise. The SEDs 
at this and subsequent epochs (phases — hi 8 and +33; Figure [T3] 
top-left panel) are extremely blue, with a strong U-band flux contri- 
bution (the reddening-corrected U-B ranges from -0.6 to -0.8 dur- 
ing this period). 

The evolution of the SED after the 2008-OT eruptive episode 
is shown in the top-right panel. Again, multi-band observations of 
the luminosity peak are missing. However, at day +10 from the 
main outburst (in coincidence with a sharp minimum) the source 
shows a redder SED {V - 1 ~ I), with a clear R-band excess proba- 
bly due to the flux contribution of Ha. The SED is then computed at 
+75 days when it becomes again much bluer (t/-Sa;-0.6;V-/a 



0.5), which is probably the result of a secondary eruptive even 

e 

Finally, at +107 days from the main event, the absolute magnitude 
of the object is about Mr » -10.7, close to that expected during the 
quiescence. In this phase, there is a huge R-band (Hd) excess and 
the colour is still very red {V - 1 x 1). 

In Figure [T3] (bottom-left panel, upper insert) we report the 
SED of the star at ~9 days before the peak of the 2009-OTI out- 
burst, when the luminosity of the object is rising after a deep min- 
imum, and is close to the magnitude at the quiescence. The SED 
is quite similar to that computed on 2008 October 17. The central 
insert shows the SED around maximum light, which is extremely 
blue (l/-6~-I, 0.4). In the subsequent epoch (+27 days) 

the SED is computed during a sharp luminosity minimum, but still 
with the object being in a very active, eruptive phase. Consequently, 
despite the faint absolute magnitude (Mr » -10.3), the variable still 
showed a moderately blue SED ((/ - B w -0.5, V - I ~ 0.4). 

The last panel in Figure[T3l (bottom-right) shows the SED evo- 
lution before (-33 days, in a deep magnitude minimum, with Mr « 
-9), during and after (+1 14 days) the 2009-OT2 outburst. The evo- 
lution of the SED is similar to that shown for 2009-OTI (bottom- 
left panel). At day -33 there is still a huge R-band excess and the 
SED is very red (V - / » 0.8), then it becomes blue during outburst 
(U - B X -0.9, V - / » 0.45) and finally redder again in quiescence 
(V - / ~ I at day +1 14). Unfortunately, the U, J and H band limits 
reported at phase — h 1 14 days are not stringent. 

The observed SED is dominated by the U-band emission at all 
epochs that are relatively close in time to an eruptive episode. This 
is clearly visible around and soon after the 2009 episodes (2009 
April 22-24 and November 27-28), but also on 2008 December 21 
when possibly a secondary eruptive episode occurred after 2008- 
OT. In our attempts to fit the SED around the time of the outbursts 
with a single blackbody we obtain reasonable fits to the fluxes in the 
B, V, R, I bands with temperatures of 8500-9500 K, whilst we fail 
to simultaneously fit the U band flux, which shows a clear excess. 
At these epochs, the spectra show prominent and narrow P-Cygni 
features, and there is no evidence for the presence of He II /t4686. 
After the outbursts, the SED evolution suggests a decline of the 
temperatures (in agreement with IWagner et al.l i2004a , who fitted 
the optical SED of 2000 May 14, i.e. +11 days from the outburst, 
with a r = 7800 K blackbody). 

In quiescence or in pre-outburst phases (e.g. 2008 October 17, 
2009 January 22, April 14, October 26) the SED indicates some- 
what cooler temperatures, and a clear excess in the R-band flux can 
be noted. At these phases, the spectral lines are broader and in pure 
emission. He II /14686 becomes strong and Ha contributes signifi- 
cantly to the R-band flux. 

The SED of an LBV is expected to shift from the UV to the 
optical during outbursts. This appears to be in contradiction with 
what we observe for the variable in NGC 3432 which, in outburst, 
moves its SED to bluer wavelengths (i.e. higher temperatures). On 
the other hand, during quiescence, the variable in NGC 3432 shows 
moderate temperatures ( V - / ~ 1 would imply T^// « 5300 K, 
iDrilling & Landolll2000l) that are typical of yellow (G-type) super- 
giants, and are inconsistent with early sp ectral types that LBVs are 
expected to show during quiescence (e.g. IWolf&Kaufe3l 19971) . 

The large U-band emission displayed by the variable in NGC 
3432 during and soon after the eruptive events might provide key 
information. Lacking UV observations, we can only speculate on 



There is a rebrightening in the light curve at day ~60 after the peak of 
2008-OT, clearly visible e.g. in Figure [T2l middle-right panel. 
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Figure 13. Evolution of the SED of the variable in NGC 3432 at 12 representative epochs (labelled on the right). Coeval spectra have also been shown as a 
comparison at 7 epochs. The spectrum and the SED of April 24th, 2009 (filled circles) are shown together with the SED computed 1 day before the maximum 
of 2009-OTl (April 22nd, 2009; open circles). Analogously, the spectrum and the SED of November 27th, 2009 (filled circles) have been shown together with 
the SED computed at the epoch of the peak of 2009-OTl (November 28th, 2009; open circles). 



the nature of the U-band excess. A plausible scenario is that the 
observed SED is in reality due to two variable contributions: a very 
hot component which peaks in the UV domain associated with the 
outburst, plus a warm component that peaks in the optical and de- 
clines in temperature with time after the outburst, possibly due to 
the hypergiant star. A detailed study on the UV variability of the 
source appears to be crucial to understand the nature of the lumi- 
nous star in NGC 3432. Spectral modelling of the continuum and 
the strong stellar outflow would also give estimates for T^ff and 
logL of the star during its transitional phases, to determine if the 
observables are consistent with our ideas of LBVs expanding and 
cooling during outbursts. 



Nevertheless, a further stellar component is still necessary to 
account for the presence of the He II A 4686 line in the spectra 
of the variable and the high-velocity wind observed during quies- 
cence. These observables would be more consistent with a scenario 
involving also a hot Wolf-Rayet star (see Sect.|6]l. 



6 THE NATURE OF THE VARIABLE IN NGC 3432 

The luminous variable in NGC 3432 is one of the most intrigu- 
ing stars discovered in the Local Universe. It experienced at least 
4 luminous outbursts within a decade, but a number of minor re- 
brightenings were also observed (e.g. Figure |7}. Since the 3 most 
recent outbursts occurred with intervals of about 200-210 days, one 
may suggest that subsequent eruptive events occur with some pe- 
riodicity, although the modulation of the light curve is not regular 
enough to support this claim. In quiescence the object has an un- 
usually high intrinsic luminosity {Mr « -10.8), consistent with that 
of a luminous LBV. Also, to our knowledge, its spectra are unprece- 
dented. Prominent H Balmer lines, dominating over other spectral 
lines (e.g. He I, Fe II), are typical of LBVs. However, the velocity 
of the ejected material, 1500-2500 km s"', is high (by a factor ~ 
5-10) for erupting LBVs, and are more consistent with velocities 
exp ected in winds of Wolf-Ray et stars (or in some very hot stars, 
see ICassinelli &. LamersI 1 19871 that are not expected to produce 
prominent H lines like those observed in the spectra of the NGC 
3432 variable). In addition, the presence of He II during the quies- 
cent phase is indicative of high gas temperatures, which is unusual 
in LBVs, and is commonly observed in Wolf-Rayet stars (includ- 
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ing O fpe/WN9 transition types, see lNotaetalJ[T99^ :l Morris et alj 
Il99d) . However, in all these stars the He II lines (in particular that 
at 4686A) are expected to dominate over all the other lines. This is 
not the case for the variable in NGC 3432, in which He II /14686 is 
always less prominent than Hj8. A relatively weak He II /14686 line 
was occasionally observed in quiescent LBVs ( Stahl 1986) , but al- 
ways at much lower velocities than those observed in the spectra of 
the variable in NGC 3432. 

In addition, the asymmetric profile (double-peaked, see insert 
in Figure |9ll of the He II /14686 line is puzzling. It is currently un- 
clear if this peculiar profile is due to a blend with other spectral 
lines or if it is an intrinsic asymmetry of the He II line. A similar 
profile in the He II /14686 feature was observed also in the spectra 
of the luminous OB supergiant S 18 in the Small M agellanic Cloud 
(SMC), classified as a B[e] type jNota et aljl996h . In that case, the 
line asymmetry and its variability with time were interpreted as a 
signature of accretion onto a hot companion inside a complex, two- 
component circumstellar wind (a hot, high- velocity polar wind plus 
a co oler, dense equatorial disk, see Shore et al. 1987; Zickgraf et al. 
Il989i) . However, S18 has a moderate photometric va riabilit^F'l it is 
slightly fainter (Mj„, « -9.2 to -9.4. IZickgraf et aljh989i) and the 
spectral lines are narrower than those observed in the spectra of 
the variable in NGC 3432. Nevertheless, despite the evident dif- 
ferences between the variable in NGC 3432 and S18 in SMC, a 
scenario involving a companion star and a complex circumstellar 
medium (CSM) might explain both the quasi-modulated variability 
in the light curves and the variability of the He II /14686 line. 

The large photometric variability of the luminous star in NGC 
3432 is another characteristic that is difficult to explain. A vari- 
ability of 4-5 mag is not unusual for an LBV outburst. How- 
ever, the frequency of t hese episodes is puzzling. According to 
iHumphrevs & Davidson! (1994), different types of variability, in 
terms of magnitude amplitudes and time scales, are observed in 
LBVs: 

(i) giant eruptions, like that of rj Car during the 1840s, are rare 
and expected to occur in intervals of hundreds to thousands of 
years. During these outbursts the star increases its magnitude by 
more than 2 mag and ejects a significant amount of its envelope. 
Erratic individual brightenings have short life, although the phase 
of intense activity may last even a few years. This phase of major 
activity is then followed by a long period of quiescence. 

(ii) Eruptions are much more frequent, being usually observed 
over time scales of decades. In these episodes the star brightens 
by less than 2 mag, although the bolometric luminosity remains 
almost constant, and the eruptive phase may last for months to 
years, followed by a luminosity minimum of similar dura tion. AG 
Car e xperienced this kind of variability during the 1980s teatesoni 
[1988-2 000; Stahl et al. 2001). 

(iii) Smaller oscillations (Am < 0.5) or even micro-variations 
(Am < O.I) are also frequently observed in LBVs on timescales 
from weeks to several months. 

It is evident that the variable in NGC 3432 has unique char- 
acteristics, since it does not match any of these variability scenar- 
ios. Although modulated light curves (e.g. Figure[7]( are typical of 
LBVs during the S-Dor phase, the fact that the variable in NGC 
3432 experienced at least 4 major outbursts in 9 years plus a few 

''The variability of S 1 8 is < 1 mag, according to lvan Genderen & SterkerJ 
i2002l) . while most of B[e]-type stars do not show significant magnitude 
oscillations. 



further minor episodes in a very short period of the stellar evolution 
(around 15 yrs) is unexpecte d and probab l y cann ot be connected to 
an S-Dor type of variability. ISmith et^ ( 1200 ih noted some simi- 
larity with the erratic fluctuations of t he light curve of VI 2 in NGC 
2403 during the period 1949-1954 dTammann & Sandagd \l96^ 
IHumphrevs et alj 1999). and suggested that these oscillations may 
be typical of LBVs prior to and during a giant eruption. 

Another possibility is that we are observing a very massive 
star in the latest stages of its life, which experiences a major phase 
of instability. Frequent ejections of H-rich shells through a pul- 
sational pair instability mechanism, followed by their collisions, 
have been proposed t o explain the propert ies of the over-luminous 
type Iln SN 2006gy jWooslev et al]|2007l) . A similar scenario has 
been p roposed for another type Iln event, SN 1994W dDessart et al.l 
[20090 In both cases, the shell-shell interaction was able to fully 
explain the observed properties of these events, even without the 
need to invoke an ad ditional contribution from radioactive '*Ni 
(e.g. lSmithetalj2007l) . 

As mentioned above, the spectral lines identified in 2008-OT 
are consistent with those of LBVs. The spectra of the variable in 
NGC 3432 are indeed reminis cent to those of LBV NGC 2363-VI 
presented in jPetit et al.l ( l2006h . The spectral lines and their evident 
P-Cygni profiles are remarkably similar in these two objects, but 
the derived velocities are about one order of magnitude lower in 
the LBV NGC 2363-VI. LBVs in eruption may have significantly 
higher velocities, but usually without reaching the extreme values 
registered in the cases of the major outbursts of the variable in NGC 
3432 (see FigurefTTI panel B and discussion in Sect.|4j. 

The recurrent mass ejections observed in the variable in NGC 
3432 are then expected to produce an increasingly He-rich CSM, 
stripping the star of its massive en velope. The above scenario, as 
suggested bv lWooslevetal.l ( l2007l) . may also explain the sequence 
of events preceding SN 2006jc and the for mation of its dense. He- 
rich CSM (Nakano et al. 2006 ; Pastorello et alj|2007a) . Remark- 
ably, the FWHM velocity of the H and He I lines in recent spectra 
of the variable i n NGC 3432 (~23 00 km s"') is very close to that re- 
ported by Pastor ello et al. [( l2007ij) for the He I circumstellar lines of 
SN 2006jc (about 2200 km s"'). This wind velocity (as mentioned 
above) is significantly higher than that expected for eruptions of 
LBVs, and more consistent with that of a Wolf-Rayet wind. How- 
ever, H is still the most prominent spectral feature. The N and He II 
lines which characterize spectra of young Wolf-Rayet stars (of WN 
tvpe. Icrowther et al.lll995al . see also Sect. |4l( are relatively weak 
(He II /14686) or not detected. In addition, the progenitor stars of 
the variable in NGC 3432 and SN 2006jc were different. In the case 
of SN 2006ic, a y oung Wolf-Rayet stai'^l was proposed as progeni- 
tor dPastorello et al. 2007a; Folev et al. 2007), while the variable in 
NGC 3432 is significantly less evolved, since the spectra are still 
dominated by H lines. This would suggest that it is in a transitional 
phase of its evolution, possibly approaching the Wolf-Rayet stage. 
In the light of all of this, the frequent outbursts of the NGC 3432 
variable star may possibly herald a similar fate as the precursor of 
SN 2006jc and an imminent SN explosion. 



'2 Data for SN 1994W were pres ented bvlSoUerman et alj il998h . The SN 
was extensively modelled also bv lChugai et al.l j2004l) who interpreted its 
observed properties to result from the SN ejecta interacting with a dense 
and extended CS envelope ejected in a violent event of the progenitor star 
just ~1.5 years b efore its explosio n. 

" Alternatively, iTominaga et alj ilOOSi) proposed that the precursor of SN 
2006jc was a more evolved WCO star. 
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As an alternative to the pulsational instability, these oscilla- 
tions in the light curve may indicate another plausible scenario, in 
which the NGC 3432 variable is a member of a clo se binary stel- 
lar system (like S18 in SMC, Izickgraf et allfigsgl) in a complex 
circumstellar environment. Binarity could enhance the LBV insta- 
bility. In that case, bipolar structures can be expected in the ejected 
material. This might be verified through high-resolution spectro- 
scopic observations or with (spectro)polarimetry, both of them un- 
fortunately still out of reach for the variable in NGC 3432. 

Another object which the luminous star in NGC 3432 may 
shar e some similarity wit h is the stellar system HD 5980 in SMC 
(see iKoenigsbergeil |2004| . for a review). HD 5980 is one of the 
best studied stellar objects, a nd the brightest source (wi th inte- 
grated magnitude My = -13. iBr evsacher & Perriej|l99lh in the 
SMC. However, there is substantial evidence that it is not a sin- 
gle exceptionally massive star, but is a triple system comprising 
of a massive erupting LBV/WR (usually labelled as star A), an 
early Wolf-Rayet (star B) and, possibly, an 0-type companiorF^ 
(star Q. The three stars have, in quiescence, individual absolute 
magnitudes of about M y ~ -6 jFoell mi et al. 2008). Star A (with 
a mass of about 50 M^^. lNiemela et al.iil997i) and star B (M w 28 
MoiHI constitute a rather close, eclipsing binary system with a pe- 
riod of about 19 days and a rather eccentric orbit (e = 0.3). During 
past decades HD 5980 gradually changed its absolute magnitude 
and its spectroscopic properties. This was because star A entered a 
very active phase of variability, during which it changed its spec- 
trum from that of a W olf-Rayet star (of WN4-type, in early 1980s, 
lNiemelaetai]|l99'7l) to that of an LBV (at the tim e of the erup- 
tion, in 1993-1994, see iKoenigsberger et al.|[l993 . and references 
therein) and back to a WN type in more recent years. During the 
late 1970s to the early 1980s, the spectrum of HD 5980 showed 
strong, high- velocity (v„ a 2000-3000 km s"') He II lines which 
are traditionally seen in WN-type Wolf-Rayet stars. However, at the 
time of the outburst of star A, HD 5980 increased its luminosity by 
about 3 mag, and the spect rum started to show prominent and nar- 
rower lines of H and He I ( lBatesonetal]|l994l : iBarba et alj[l995l : 
IKoenigsberger et aLlll995h . that are typical of LBV eruptions. At 
the time of the major eruption, the minimum wind velocities mea- 
sured from the spectra of HD 5980 were about 500 km s"' , but they 
rapidly increased in the subsequent few months to about 1000-1300 
km s"' (Koenigsber ger et al]|l998l) . It is generally assumed that in 
the pre-outburst phase the spectrum of HD 5980 was dominated by 
the Wolf-Rayet features attributed to star B, while during outburst 
the spectrum was dominated by the lower-velocity LBV-like fea- 
tures of star A. However, it is still puzzling how star A could be a 
hot WN star before (and after) its eruption as an LBV. The pieces of 
evidence 1) that the spectra of HD 5980 show strong H lines (with 
line velocities that are, however, too high for an LBV) and 2) that 
only one eruption has been registered so far, suggest that star A is 
not a Wolf-Rayet star in the classical sense, but it is in a sort of 
pre-LBV evolutionary phase ( Foellmi et al.ll20oW ). It is interesting 
to note that also a few other luminous, H- rich Wolf-Rayet stars are 
observed in the SMC jFoellmi et all2003l) . 

In this context, the observables of the variable star in NGC 



According to lFoellmi et a l.' ('2008*) we cannot exclude that the member- 
ship of star C to the stellar system HD 5980 is only a mere line-of-sight 
coincidence. 

" We sh ould note that | Foellmi et"^ j2008l) revised the classical mass es- 
timates of lNiemela et alj jl997l) proposing significantly higher masses for 
both star A and star B, being 58-79 Mq and 51-67 Mq, respectively. 



3432 appear rather similar to those of HD 5980 during the erup- 
tive phase. This might indicate that the variable in NGC 3432 is in 
a similar evolutionary path as star A, i.e. in an initial LBV stage. 
This might explain the high wind velocities in an otherwise LBV- 
like spectrum. But it does not explain the strength and the variabil- 
ity of the He II line. In addition, one can speculate that some of the 
photometric and spectroscopic variability observed in the luminous 
variable in NGC 3432 can in some way be related to the close in- 
teraction with a companion WR star, in analogy to that observed 
in the stellar system HD 5980. Interestingly, both NGC 3432 and 
SMC have quite low ox ygen abundaiices, of 12 + lg(0/H) = 8. 3 
(see Section 2) and 8.0 ( iHunter et al]|2007l : iTrundle et al.ll2007h . 
respectively. 

Long-term monitoring of the hyper-active variable in NGC 
3432 is required to understand the configuration of the stellar sys- 
tem, the reasons of its peculiar variability and if the observed prop- 
erties are an indication for a forthcoming SN explosion. 
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APPENDIX A: UNPUBLISHED PHOTOMETRY OF THE VARIABLE IN NGC 3432 

Table Al: Unpublished Johnson-Bessell photometry of the variable star in NGC 3432. The 
numbers in brackets are the errors associated to the SN photometry, and include both mea- 
surement and photometric calibration uncertainties. Observations marked with the sym- 
bol are unfiltered ima ges, and have al l been rescaled to R-band magnitudes accord- 
ing to the prescriptions of IPastorello et al] i2008h . with the only exception of the obser- 
vation from T. Tamura (January 4, 2001) which best matches V-band magnitudes. The 
magnitude from T. Kryachko and S. Korotkiy's observation (October 6, 2008) is from 
'http://www.astroalert.su/2008/10/09/possible-sn-in-ngc3432/ The epochs and magnitudes 
of the first maxima of the four major outbursts are in boldface. 



Date avg. JD U B V R I Source 



1994May02 


2449474.50 






21.09(0.10) 




WT" 


1994May02 


2449474.51 






21.17 (0.16) 




INT" 


1995Nov29 


2450051 


>20.90 


>20.63 


>20.12 


>20.34 


KISO* 


1996Marl3 


2450156 


>20.57 


>20.60 


>20.32 


>19.70 


KISO* 


1999Decl2 


2451524.91 






> 19.04 




IRO"^* 


2000May03 


2451667.7 






17.4 (0.1) 




KAIT''* 


2001Jan04 


2451914.59 




19.42 (0.17) 






TT* 


2004Mayl5 


2453140.83 


20.72 (0.03) 


20.43 (0.03) 


19.48 (0.02) 




HALE 


2005Marll 


2453440.74 




>19.54 


>19.03 




GY 


2005Marl2 


2453441.84 


>20.04 








GY 


2005Marl9 


2453449.34 






>19.27 




MO* 


2005Apr06 


2453466.71 






>20.40 




GY* 


2005 Apr 11 


2453472.35 






>19.28 




MO* 


2006Apr22 


2453848.47 






20.35 (0.24) 




CD* 


2006Oct28 


2454036.60 






>19.34 




MO* 


2006Novl5 


2454054.69 






>19.75 




MO* 


2006Decl8 


2454087.57 






>19.62 




MO* 


2007Jan23 


2454123.58 






19.67 (0.36) 




MO* 


2007Marl7 


2454177.36 






18.45 (0.15) 




MO* 


2007Nov24 


2454428.67 






>18.98 




MO* 


2008Jan27 


2454493.50 






>19.61 




MO* 


2008Feb25 


2454522.41 






>19.79 




MO* 


2008Mar06 


2454532.41 






19.39 (0.40) 




MO* 


2008Marl2 


2454537.52 


20.10 (0.21) 


19.75 (0.12) 


18.67 (0.20) 




RJ 


2008MarI2 


2454537.75 




19.72 (0.09) 






RJ" 


2008Oct06 


2454746.22 






17.57 




TKC^ ★ 


2008Oct07 


2454746.62 






17.52 (0.11) 




MO* 


2008Oct09 


2454749.28 






17.71 (0.14) 




KI* 


2008Octl7 


2454756.67 


19.98 (0.10) 


19.99 (0.11) 


18.93 (0.06) 


18.89(0.08) 


CAHA 


2008Octl7 


2454756.71 


20.04 (0.28) 


19.92 (0.23) 






TNG 


2008Octl7 


2454756.72 






18.94 (0.12) 




TNG* 


2008Oct25 


2454764.74 


18.82 (0.03) 


18.59 (0.02) 


18.04 (0.02) 


17.96 (0.02) 


TNG 


2008Nov09 


2454779.69 


22.59 (0.46) 


21.92 (0.32) 






LT 


2008Novl6 


2454786.51 






>20.35 




SO* 


2008Novl9 


2454788.52 




21.52 (0.02) 




21.05 (0.02) 


HST 


2008Novl9 


2454789.66 


22.03 (0.21) 


21.67 (0.10) 






LT 


2008Nov24 


2454794.65 


22.56 (0.20) 


22.13 (0.12) 


21.11 (0.12) 


21.64(0.19) 


TNG 


2008Nov24 


2454794.72 


22.55 (0.20) 


21.90 (0.10) 






LT 


2008Dec09 


2454809.62 


19.79 (0.03) 


19.65 (0.03) 


19.32 (0.03) 


19.25 (0.06) 


EK 


2008DeclO 


2454810.61 


19.42 (0.07) 


19.18 (0.04) 






LT 


2008Decl7 


2454817.67 


19.47 (0.02) 


19.09 (0.03) 






LT 


2008Dec21 


2454821.72 




19.34 (0.01) 


18.79 (0.01) 




NOT 


2008Dec21 


2454821.78 


19.22 (0.02) 19.77 (0.02) 






18.78 (0.02) 


NOT 


2008Dec22 


2454822.58 


19.79 (0.03) 


19.43 (0.02) 


18.84 (0.04) 


18.67 (0.02) 


TNG 


2008Dec23 


2454823.50 






18.86 (0.06) 




SO* 


2008Dec23 


2454823.54 


19.80 (0.23) 


19.44(0.13) 


18.87 (0.12) 


18.69 (0.13) 


SO 


2008Dec29 


2454829.64 


20.39 (0.07) 


19.85 (0.04) 






LT 


2008Dec30 


2454830.68 




19.86 (0.07) 


19.12(0.04) 




CAHA 


2009Jan01 


2454833.46 






19.22 (0.17) 




SO* 


2009Jan02 


2454833.53 


>20.24 


20.17 (0.17) 


19.21 (0.09) 




SO 


2009Jan05 


2454836.69 


20.51 (0.05) 


20.05 (0.04) 






LT 


2009Janll 


2454842.59 






19.09 (0.30) 




MO* 


2009Janl3 


2454844.63 


20.83 (0.21) 


20.37 (0.11) 






LT 


2009Janl4 


2454845.62 


20.90 (0.07) 


20.44 (0.05) 






LT 
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Table Al: continued. 



Date 


JD 


U 


B 


V 


R 


I 


Source 


2009Jan20 


2454851.57 








19.53 (0.06) 




TNG* 


2009Jan20 


2454852.49 




21.04(0.07) 


20.63 (0.05) 






LT 


2009Jan21 


2454852.56 




21.11 (0.05) 


20.65 (0.02) 






LT 


2009Jan22 


2454853.67 


>20.28 


21.07 (0.19) 


20.83 (0.05) 


19.51 (0.02) 


19.82 (0.03) 


TNG 


2009Jan25 


2454856.55 




21.11 (0.05) 


20.69 (0.04) 






LT 


2009Feb01 


2454863.57 


>20.98 










NOT 


2009Feb01 


2454863.57 








19.49(0.13) 




NOT* 


2009Feb02 


2454865.40 








19.51 (0.11) 




SO* 


2009Feb02 


2454865.45 








19.49(0.10) 




SO 


2009Feb02 


2454865.48 




21.05 (0.05) 


20.85 (0.05) 


19.48 (0.02) 


19.99 (0.03) 


NOT 


2009Febl2 


2454874.61 






20.71 (0.03) 


19.45 (0.02) 


19.81 (0.07) 


NOT 


2009Feb22 


2454884.51 








19.56 (0.09) 




NOT 


2009Feb22 


2454884.52 








19.55 (0.13) 




NOT«* 


2009Feb22 


2454885.07 


>19.84 


>20.31 


>19.35 






UVOT'' 


2009Feb25 


2454888.43 




21.11 (0.28) 


>19.69 


>18.73 


>18.55 


EK« 


2009Marl5 


2454906.46 








19.91 (0.12) 




SO* 


2009Marl5 


2454906.49 






20.97 (0.24) 






so 


2009Marl9 


2454910.37 






21.00(0.04) 


19.98 (0.03) 


20.15 (0.10) 


CAHA 


2009Mar21 


2454912.46 








19.95 (0.13) 




TNG 


2009Aprl4 


2454935.62 




20.82 (0.04) 


20.59 (0.03) 


19.73 (0.03) 


20.03 (0.02) 


NOT* 


2009Aprl5 


2454937.49 






20.06 (0.01) 


19.45 (0.01) 


19.67 (0.02) 


NOT 


2009Apr22 


2454943.58 


17.58 (0.02) 


18.58 (0.01) 


18.45 (0.01) 


18.04(0.01) 


18.00(0.02) 


NOT 


2009Apr22 


2454944.41 






18.33 (0.05) 


17.92 (0.04) 




SO 


2009Apr24 


2454945.55 




18.60(0.01) 


18.50 (0.02) 


18.05 (0.01) 


18.01 (0.02) 


TNG 


2009Apr24 


2454946.44 








18.11 (0.11) 




BH* 


2009Apr25 


2454947.40 




18.94 (0.07) 


18.81 (0.06) 


18.40(0.05) 


18.29 (0.05) 


SO 


2009Apr29 


2454951.43 


19.24 (0.08) 


19.85 (0.03) 


19.67 (0.02) 


19.05 (0.03) 


19.13 (0.05) 


CAHA 


2009May03 


2454955.39 






19.66 (0.03) 


19.07 (0.03) 


19.20 (0.06) 


CAHA 


2009May05 


2454956.55 








19.11 (0.03) 




NOT 


2009May08 


2454959.67 






18.54 (0.02) 


18.05 (0.02) 


18.13 (0.02) 


P60 


2009Mayl3 


2454964.51 


18.21 (0.03) 


19.00(0.01) 


18.81 (0.01) 


18.41 (0.02) 


18.42 (0.02) 


TNG 


2009Mayl9 


2454971.38 


19.77 (0.05) 


20.25 (0.03) 


20.07 (0.03) 


19.51 (0.03) 


19.68 (0.04) 


TNG 


2009May22 


2454974.42 








>18.73 




EP 


2009May25 


2454977.36 




19.91 (0.07) 


19.65 (0.05) 


19.18 (0.04) 


19.05 (0.06) 


EK 


2009May28 


2454980.35 








18.97 (0.06) 




EK 


2009Jull6 


2455029.33 








>18.36 




EP 


2009Jull8 


2455031.36 






>21.01 


>20.98 




CAHA 


2009Jul22 


2455035.35 








>20.58 




EK 


2009Octl9 


2455122.69 






21.17 (0.38) 


20.39(0.12) 




EK 


2009Oct26 


2455130.76 




21.61 (0.16) 


21.36(0.07) 


20.18 (0.04) 


20.55 (0.06) 


NOT 


2009Novl5 


2455150.74 








20.00(0.17) 




NOT 


2009Novl9 


2455154.67 






19.66 (0.03) 


19.23 (0.02) 




CAHA 


2009Nov20 


2455155.74 








18.50 (0.02) 




NOT 


2009Nov21 


2455156.62 




19.48 (0.07) 


19.29 (0.08) 


18.73 (0.05) 


18.71 (0.08) 


CAHA 


2009Nov22 


2455157.76 




21.26 (0.12) 


20.75 (0.11) 






LT 


2009Nov27 


2455162.61 




19.88 (0.07) 


19.65 (0.07) 


19.23 (0.03) 


19.18 (0.03) 


CAHA 


2009Nov28 


2455163.71 




18.72 (0.03) 


18.53 (0.02) 






LT 


2009Nov29 


2455164.72 




18.83 (0.04) 


18.57 (0.03) 






LT 


2009Nov30 


2455165.68 




19.10(0.03) 


18.93 (0.02) 






LT 


2009Dec02 


2455167.76 




19.33 (0.04) 


19.27 (0.12) 






LT 


2010Janl9 


2455215.61 






20.93 (0.13) 


20.11 (0.15) 


19.75 (0.17) 


EK 


2010Feb07 


2455235.38 








>20.30 




SO* 


2010Feb07 


2455235.45 








>20.00 




MO* 


2010Feb24 


2455251.50 




21.71 (0.23) 


21.51 (0.22) 






LT 


2010Feb24 


2455252.47 




21.67 (0.31) 


21.49(0.36) 






LT 


2010MarO3 


2455259.53 




22.42 (0.37) 


21.98 (0.32) 






LT 


2010Marl9 


2455274.69 








21.22 (0.19) 




NOT 


2010Mar21 


2455277.41 




22.03 (0.21) 


21.92 (0.26) 






LT' 



" ING ai'chive: http://casu.ast.cam.ac.uk/casiiadc/archives/ingarch 

* Subara-Mitaka-Okayama-Kiso Ai'chive System (Baba et al. 20o3). 

Template image from the Supernova Search in Late-type Galaxies using the 0.37-m Rigel Robotic Telescope (Winer Observatory - University of Iowa; 
I http://phohos. physics, uiowa. edu/images/snsearch .html) . 
Measurement from lWagner et al. 1 2004a). 
Astrodon Generation 1 Series I Luminance filter. 
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f Kryachko and Korotki y estimated R = 17.65 for 2008-OT with reference to star USNO-A2.0 1200-06602541 (USNO R = 14.0), which is coincident with 
star D in the sequence of lWagner et alj i2004ah : R = 13.924. The 2008-OT magnitude was rescaled accordingly. 
* Poor-quality night (clouds and poor seeing). 

'' Additional UVOT detection limits: UVW\ > 19.85, UVW2 > 20.18, UVM2 > 19.44. 

' Additional NIR detection limits were obntained with LT + SuplRCam: / > 18.07 and H > 17.03. 

INT = 2.54-m Isaac Newton Telescope + CCD-EEV5 (La Palma, Canary Islands, Spain); 

KISO = 1.05-m Schmidt Telescope + TC215-1K CCD (Kiso Observatory, Inst, of Astronomy, University of Tokyo, Japan); 
IRO = 0.37-m f/14 Rigel Telescope + FLI with SITe-003 CCD (Obs. Chris Anson, Winer Observatory, Sonoita, Arizona, US); 
KAIT = 0.76-m Katzman Automatic Imaging Telescope + CCD (Lick Observatory, Mt. Hamilton, California, US); 
TT = 0.4-m Meade LX200 Telescope + SBIG ST-8 CCD (Obs. T. Tamura, Kagawa, Japan); 

HALE = Hale 5.08-m Telescope + COSMIC direct imaging 2048x2048 SlTe thinned CCD (Palomar Observatory, San Diego County, California, US); 

GY = Takahashi FS-I28G Telescope + SBIG ST-10 Dual CCD Camera (Obs. G. Youman, Penryn, California, US); 

MO = 0.32-m f/3.1 Newton Telescope + Starlight Xpress MX716 CCD (Obs. G.D., Moonbase Observatory, Akersberga, Sweden); 

CD = 0.46-m f/2.8 Centurion Telescope + ST8E CCD camera (Obs. C. Deforeit, Caen, Normandie, France); 

RJ = 0.356-m f/10 LX200R Meade Telescope + SBIG STL-1 lOOOXM CCD camera (Obs. R. Johnson, Mantrap Lake, Minnesota, US); 
TKC = 0.3-m Ritchey-Chretien Telescope + Apogee Alta U9000 CCD (Kazan State Univ., Astrotel Obs., Karachay-Cherkessia, Russia); 
KI = 0.60-m f/5.7 Reflector Telescope + KAF-IOOIE 1024xl024pixel CCD (Obs. Koichi Itagaki, Yamagata, Japan); 
CAHA = 2.2-m Calar Alto Telescope + CAFOS (German-Spanish Astron. Center, Sierra de Los Filabres, Andalucfa, Spain); 
TNG = 3.58-m Telescopio Nazionale Galileo + Dolores (Fundacion Gahleo Gahlei-INAF, La Palma, Canary Islands, Spain); 
LT = 2.0-m Liverpool Telescope + RatCAM (La Palma, Canary Islands, Spain); 

SO = 0.44-m f/4.4 Newton Telescope + SBIG ST-7E Dual CCD (Obs. L.H., Sandvreten Obs., Uppsala, Sweden); 
HST = Hubble Space Telescope + WFPC camera (PL W. Li; proposal ID: 10877); 

EK = 1.82-m Copemico Telescope + AFOSC (INAF - Osservatorio Astronomico di Asiago, Mt. Ekar, Asiago, Italy); 
NOT = 2.56m Nordic Optical Telescope + ALFOSC (La Palma, Canary Islands, Spain); 
UVOT = Swift Gamma-Ray Burst Explorer + UVOT (proposal ID 00036566001); 

BH = Meade LX200 12" f-6.3 telescope + SBIG ST-10 Dual CCD Camera (Obs. B. Hausler, Rimpar, Germany); 
P60 = Palomar 60-inch Telescope + CCD camera (Palomar Mountain, San Diego County, California, US); 

EP = Meade LX200 12" f-6.3 telescope + STIOXME CCD (Obs. E. Prosperi, Osservatorio Remote Skylive, Pedara, Catania, Italy). 



© 0000 RAS, MNRAS 000, 000-000 



22 A. Pastorello et al. 



Table A2. Sloan-filter photometry of the variable star in NGC 3432 and associated errors. 
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SDSS = 2.5-m Sloan Digital Sky Survey Telescope + TK2048E CCDs (Apache Point Observatory, New Mexico, USA); 
LT = 2.0-m Liverpool Telescope + RatCAM (La Palma, Canary Islands, Spain). 



